on behalf of the ELSA investigators Background-Most cardiovascular events associated with hypertension are complications of atherosclerosis. Some antihypertensive agents influence experimental models of atherosclerosis through mechanisms independent of blood pressure lowering. Methods and Results-The European Lacidipine Study on Atherosclerosis (ELSA) was a randomized, double-blind trial in 2334 patients with hypertension that compared the effects of a 4-year treatment based on either lacidipine or atenolol on an index of carotid atherosclerosis, the mean of the maximum intima-media thicknesses (IMT) in far walls of common carotids and bifurcations (CBM max ). This index has been shown by epidemiological studies to be predictive of cardiovascular events. A significant (PϽ0.0001) effect of lacidipine was found compared with atenolol, with a treatment difference in 4-year CBM max progression of Ϫ0.0227 mm (intention-to-treat population) and Ϫ0.0281 mm (completers). The yearly IMT progression rate was 0.0145 mm/y in atenolol-treated and 0.0087 mm/y in lacidipine-treated patients (completers, 40% reduction; Pϭ0.0073). Patients with plaque progression were significantly less common, and patients with plaque regression were significantly more common in the lacidipine group. Clinic blood pressure reductions were identical with both treatments, but 24-hour ambulatory systolic/diastolic blood pressure changes were greater with atenolol (Ϫ10/Ϫ9 mm Hg) than with lacidipine (Ϫ7/Ϫ5 mm Hg). No significant difference between treatments was found in any cardiovascular events, although the relative risk for stroke, major cardiovascular events, and mortality showed a trend favoring lacidipine. Conclusion-The greater efficacy of lacidipine on carotid IMT progression and number of plaques per patient, despite a smaller ambulatory blood pressure reduction, indicates an antiatherosclerotic action of lacidipine independent of its antihypertensive action.
T he most cardiovascular events related to hypertension are complications of atherosclerosis. Experimental studies have shown that various antihypertensive agents may exert an antiatherosclerotic action that is partly independent of the blood pressure-lowering effect. 1 Among calcium antagonists, highly lipophilic, antioxidant, long-acting dihydropyridines such as lacidipine 2, 3 were found to be particularly effective in experimental models of atherosclerosis. 4, 5 B-mode ultrasound examination of the carotid arteries with measurement of intima-media thickness (IMT) has been used as a measure of asymptomatic atherosclerosis progression. 6 Three randomized trials of antihypertensive therapy showed smaller progression or greater regression of carotid lesions in patients treated with a calcium antagonist rather than a diuretic, [7] [8] [9] but the changes were small and the trials had limited power to detect these differences. Whether different antihypertensive agents vary in their capacity to slow the progression of carotid atherosclerosis is clinically relevant, in view of the numerous epidemiological observations that differences in carotid IMT significantly predict cardiovascular events. 8,10 -14 Hence, the European Lacidipine Study on Atherosclerosis (ELSA) 15 was planned with sufficient power to test whether long-term (4 years) antihypertensive therapy using the calcium antagonist lacidipine was equally effective as therapy with the ␤-blocker atenolol on carotid IMT changes.
Methods

Participants
Subjects aged 45 to 75 years with sitting systolic blood pressure (SBP) of 150 to 210 mm Hg and diastolic blood pressure (DBP) of 95 to 115 mm Hg were recruited by 410 clinical units in France, Germany, Greece, Italy, Spain, Sweden, and the United Kingdom. All patients gave written consent. The protocol was approved by Ethics Committees of all institutions involved.
Interventions
After a 4-week placebo wash-out period, patients were randomized to receive either lacidipine 4 mg once daily or atenolol 50 mg once daily. Randomization was computer-generated, using separate lists for each referral center with a block size of 4. If diastolic blood pressure was not Ͻ95 mm Hg with a fall of at least 5 mm Hg, the dose of lacidipine could be increased to 6 mg, and atenolol could be increased to 100 mg (month 1), with open-label hydrochlorothiazide added (12.5 mg daily month 3 and 25 mg daily month 6). Patients and study personnel, excluding the Safety Committee, were blinded to treatment assignment for the study duration.
Measurements
Duplicate carotid scans were performed by certified sonographers at 23 referral centers between beginning of run-in and randomization, and subsequently at yearly intervals; scans were performed 4 years after randomization in patients who withdrew prematurely. B-mode scans were obtained in all referral centers by use of the same instrument (Biosound 2000 II SA, Biosound) with an 8 MHz annular array transducer. All scans were read at the Ultrasound Coordinating Center with quality assurance accomplished as reported. 16 Three measurements of sitting clinic blood pressure were taken by a mercury manometer at baseline, at each titration visit, and every 6 months thereafter. Ambulatory blood pressure monitoring was done at baseline and at yearly intervals thereafter. Diskettes were edited at the Ambulatory Blood Pressure Coordinating Center. All data were delivered to the Statistical Analysis Center.
Outcomes
The primary efficacy outcome was the change in mean maximum IMT of the 4 far walls in the distal common carotids and carotid bifurcations bilaterally (CBM max ) during 4 years. All scans were read after study end within a 6-month period by 8 readers. Scans of any individual patient were assigned to the same reader, but the scan time-sequence was randomized so that the reader was blind to the time of recording. Four hundred duplicate scans were read for reproducibility assessment at study end.
Secondary efficacy variables were the proportion of patients with an increase or decrease in plaque number (focal IMT of Ն1.3 mm) at study-end, and incidence of fatal and nonfatal cardiovascular events and total mortality, adjudicated by an Event Monitoring Committee blinded to treatment assignment. Events were examined 3 times during the study by an Independent Safety Committee in an unblinded manner.
Statistics
Sample size calculation assumed a 4-year difference in CBM max changes between treatment groups of 0.04 mm, with a standard deviation of 0.1939 mm (including measurement error). With a two-sided 5% significance, a 95% power, and a 35% drop-out rate, a total sample size of 1884 patients was calculated and increased to at least 2000 patients to increase the precision of estimated treatment effect measurements. No interim analysis was performed during the study.
Data analyses were carried out according to an analysis plan established before the researchers were informed of the data. Two-sided significance tests were used. Treatment-related differences in CBM max changes were analyzed by a repeated measurements ANOVA using all measurements by a 2-stage-mixed model 17 and by ANOVA using the final measurement available minus baseline measurement, and yearly progression with time between baseline and actual measurement included.
Additional analyses were (1) treatment-related IMT changes separately for common carotids and bifurcations (repeated measurements analyses); (2) correlation of CBM max changes with common carotid diameter changes; (3) proportions of patients with increased or decreased plaque number at study end compared in lacidipine and atenolol groups by 2 test; (4) clinic and ambulatory blood pressures and heart rates (post-titration to end-study values) compared with baseline by paired t test, and treatment-related changes compared by unpaired t test; (5) treatment-related changes (end-of-study minus baseline) in laboratory parameters compared by Wilcoxon unpaired sample test; (6) cardiovascular events and death in the 2 treatment groups compared by Cox regression analyses and Kaplan-Meier curves; and (7) incidences of cardiovascular events in groups differing by baseline CBM max quintile or plaque number, compared by 2 test, Fisher's exact test, or logistic regression analyses (exploratory post-hoc analyses).
Subgroups were prespecified in the analysis plan by the baseline variables of age, clinic SBP, DBP, pulse pressure, serum total cholesterol and creatinine concentrations (2 subgroups based on median values), smoking (smokers, exsmokers, nonsmokers), sex, and diabetes. Both subgroup-effects and subgroup-treatment interactions were investigated in the final model.
Results
Patients
A total of 3407 patients ( Figure 1 ) were screened for possible randomization, 1073 of whom were excluded from participation. We randomly allocated 2334 patients to double-blind treatment (safety population, with 43 atenolol and 49 lacidipine patients lost to follow-up). The intention-to-treat (ITT) population consisted of all patients randomized to doubleblind medication who had the baseline ultrasound scan and at least 1 follow-up scan, including scans performed after withdrawal (mean follow-up 3.75 years). The completer population was made up of patients who actually completed the 4-years of the study under randomized medication.
Baseline characteristics of randomized patients are listed in Table 1 . There was no major difference between the 2 treatment groups.
Treatment
In the ITT population, 49.7% of the patients randomized to atenolol and 46.6% of those randomized to lacidipine were maintained at the low dose. A total of 12.2% and 11%,
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Lacidipine, Atenolol, and Carotid Atherosclerosisrespectively, received the higher dose, and 35.9% and 31.8%, respectively, received add-on hydrochlorothiazide. Among completers, low-dose monotherapy was maintained in 53.7% and 47.6%, high-dose monotherapy in 10.9% and 17.9%, and hydrochlorothiazide was added in 35.5% and 34.4% of atenolol and lacidipine patients, respectively. Nonrandomized cardiovascular therapies were given for variable times during the treatment period to limited numbers of patients; antihypertensive agents other than protocol drugs were given to 1.0% and 1.1% of atenolol and lacidipine patients, lipid-lowering agents to 6.3% and 5.6%, and antiplatelet agents to 4.3% and 3.1% (ITT).
Treatment-Related Changes in Carotid Wall
The primary efficacy variable CBM max changed to a significantly smaller extent in lacidipine-treated patients than in atenolol-treated patients. The estimated treatment effect (lacidipine minus atenolol) was Ϫ0.0227 (ITT) and Ϫ0.0281 mm (completers) (Figure 2 ). The effects were significant (PϽ0.0001) in all populations for treatment, time points, and baseline CBM max (the greater the effect the greater was baseline CBM max ). The estimated treatment effect in favor of lacidipine was significant (PϽ0.01) in both common carotids and bifurcations, with a greater treatment effect at the bifurcation ( Figure 2 ).
CBM max progressed in both treatment groups, but it progressed more slowly in lacidipine-treated patients (Table 2) . Yearly progression rate was 15% (ITT) and 40% (completers) lower in the lacidipine group than in the atenolol group.
Carotid internal diameter decreased very slightly with atenolol and increased very slightly with lacidipine, with a mean treatment-related difference of 0.1079 mm (ITT); however, Pearson correlation coefficients with CBM max changes were extremely small (rϭϪ0.100 for all patients together, rϭϪ0.096 for atenolol, and rϭϪ0.098 for lacidipine patients), indicating that only 1% of CBM max variation could be explained by carotid diameter. Table 3 shows that fewer lacidipine-treated than atenololtreated patients had more plaques at end than beginning of treatment and more lacidipine-treated than atenolol-treated patients ended the study with fewer plaques than at baseline. In the ITT population, the proportion of patients with progression was 25.9% (lacidipine) versus 29.0% (atenolol) and the proportion with regression was 19.8% (lacidipine) versus 15.7% (atenolol) ( 2 test, Pϭ0.0404). Among completers, numbers of patients with progression were 25.3% (lacidipine) versus 31.3% (atenolol), and those with regression were No significant treatment-subgroup interactions were found for any subgroup considered. Although significant subgroup effects were found for sex, age, baseline DBP, pulse pressure, and baseline cholesterol, adjustments for these interactions were negligible.
Treatment-Related Changes in Blood Pressure, Heart Rate, and Laboratory Variables
Clinic SBP and DBP decreased markedly and equally in both treatment groups (atenolol Ϫ21.6/Ϫ15.6 mm Hg and lacidipine Ϫ21.8/Ϫ15.5 mm Hg), whereas treatment-induced reductions in 24-hour ambulatory SBP and DBP were significantly (PϽ0.0001) larger in the atenolol group (Ϫ10.3/ Ϫ8.7 mm Hg) than in the lacidipine group (Ϫ6.8/ Ϫ4.9 mm Hg). Clinic and 24-hour heart rates decreased by 10 beats/min with atenolol and did not change with lacidipine. No correlation was found between changes in CBM max and in clinic and ambulatory SBP and DBP. Significant differences in metabolic changes between atenolol and lacidipine concerned high-density lipoprotein-cholesterol, which slightly decreased with atenolol and slightly increased with lacidipine (Ϫ0.03Ϯ0.35 versus 0.05Ϯ0.37 mmol/L, PϽ0.0001), and triglycerides, which increased to a greater extent with atenolol (0.26Ϯ1.03 versus 0.09Ϯ0.79 mmol/L, PϽ0.001).
Cardiovascular Events, Death, and Serious Adverse Events
Overall, the rates per 1000 patient years of all types of cardiovascular events and death were low, and no significant treatment differences could be found both in Cox (Figure 3) and Kaplan-Meier types of analyses. The relative risk for stroke, major cardiovascular events, and cardiovascular and all death, however, showed a trend in favor of lacidipine. Higher incidences of all death, myocardial infarction, and major and all cardiovascular events were found in higher baseline CBM max quintiles or with higher numbers of baseline plaques (all at least PϽ0.015). A logistic regression analysis showed the incidence of all cardiovascular events was related with baseline CBM max quintiles (P unadjusted Ͻ0.0001, P adjustedϭ0.0059). The relative risk of highest versus lowest quintile was 5.081 (95% confidence interval 2.682 to 9.627) when considering baseline CBM max quintiles only, and 3.316 (95% confidence interval 1.577 to 6.974) after adjusting for age, sex, baseline clinic SBP, and treatment.
Discussion
The principal results of the ELSA study show that long-term (up to 4 years) antihypertensive treatment using the calcium antagonist lacidipine slows down progression of carotid wall IMT in hypertensive patients to a greater extent than treatment using the ␤-blocker atenolol. Carotid IMT ultrasound measurements do not allow a clear distinction between intima and media and between atherosclerosis and hypertrophy. 6 Changes in ELSA, however, are likely to be related to atherosclerosis. CBM max was used as the primary outcome variable, measuring not only the common carotid but also the bifurcation, a preferential site for atherosclerosis. The lacidipine effect was greater at the bifurcation site than at the common carotid; most importantly, the smaller increase in CBM max in lacidipine-treated patients was paralleled by a smaller proportion of patients with an increased number of plaques and a greater proportion of patients with a decreased Zanchetti et al Lacidipine, Atenolol, and Carotid Atherosclerosisnumber of plaques. A relevant effect of carotid diameter changes on IMT is unlikely because of the very low correlation coefficients between diameter and IMT changes in both treatment groups. ELSA was designed as the largest study of this kind, and particular care was taken to maximize the accuracy of ultrasound measurements. In each reference center, ultrasound scans were performed in duplicate by sonographers initially trained and annually re-certified by the Ultrasound Coordinating Center. Each patient was scanned twice annually, and 310 duplicate readings were used to calculate intraand inter-reader reliability, which was very high (0.915 and 0.872 at baseline, respectively 16 ). Procedures intended to minimize reading variability and bias have been described in Methods.
Three of 4 placebo-controlled studies 18 -21 21 ). The result of BCAPS, 21 which tested a ␤-blocker, suggests that the slowing of CBM max seen in ELSA with lacidipine may be over and above the slowing possibly exerted by atenolol.
Three intervention studies with carotid IMT as an end point 7-9 found a beneficial effect of calcium antagonists over that of diuretics that was about the same magnitude as the effect we found in ELSA for lacidipine versus atenolol. The results of the Multicenter Isradipine Diuretic Atherosclerosis Study (MIDAS), 7 however, are difficult to interpret because of a reading drift. The Verapamil in Hypertension and Atherosclerosis Study (VHAS) 8 and the International Nifedipine GITS Study: Intervention as a Goal in Hypertension Treatment-Intima Media Thickness substudy (INSIGHT-IMT) 9 were relatively small studies (498 and 324 patients). Furthermore, the direction of the changes is difficult to evaluate in studies that did not avoid possible reading bias by keeping the operator blind to the scan time sequence. On the whole, however, the results of previous studies [7] [8] [9] 18 support the conclusions of the large and accurate ELSA trial.
The greater antiatherosclerotic action of lacidipine with respect to atenolol seems to be independent of the blood pressure-lowering effect, as 24-hour ambulatory SBP and DBP reductions were slightly lower in lacidipine-treated subjects than in atenolol-treated subjects. Concomitant use of antiplatelet and lipid-lowering agents was quite low in ELSA and was slightly more prevalent among atenolol-than lacidipine-treated subjects. High-density lipoprotein-cholesterol changes differed significantly in the 2 treatment groups, with a decrease in the atenolol group and an increase in the lacidipine group, and serum triglycerides increased significantly in atenolol patients. Other mechanisms, however, are likely to be more important. Lacidipine has been shown to inhibit fatty-streak formation in hypercholesterolemic rabbits, 4 to inhibit aortic plaque formation in apolipoprotein-E knockout mice, 5 to inhibit production of reactive oxygen species in endothelial cells, 2 and to reduce adhesion molecule expression in endothelial cells. 3 Particularly relevant to an interpretation of ELSA results are the recent findings of Taddei et al, 22 which show that in essential hypertensive . Cardiovascular (CV) end points and serious adverse events (AE) in atenolol and lacidipine-treated patients. Number (n) of patients with an event, event rates (n/1000 patient-years) and relative risk of lacidipine versus atenolol with 95% confidence intervals (CI). Cox-regression analysis uses treatment and reference center as covariates. Major CV events include nonfatal myocardial infarction (MI) and stroke plus CV death; minor CV events include hospitalized heart failure, angina, atrial fibrillation, and claudication. All serious AE include any event defined as fatal, life-threatening, involving or prolonging hospitalization, disabling or incapacitating, any laboratory abnormality causing major clinical concern, or relevant signs or symptoms.
patients, lacidipine, but not atenolol, restores endotheliumdependent vasodilatation and reduces circulating markers of oxidative stress. Epidemiological evidence indicates that an effect on carotid IMT of the magnitude shown for lacidipine in ELSA is clinically relevant. 10 -14 In agreement with these previous prospective studies, we found that the risk of cardiovascular events progressively increased in ELSA with increasing baseline carotid CBM max and with baseline plaque number, suggesting that a statistically greater effect of lacidipine on both carotid parameters may also be significant clinically. Obviously, ELSA, which compares 2 active treatments in relatively low-risk patients, was not expected to find statistically significant treatment differences in cardiovascular events, but the trend toward a lower incidence of strokes and cardiovascular death observed with lacidipine is consistent with the ultrasound findings and their interpretation.
